The theory of diffusion by continuous movements, due to Sir Geoffrey Taylor, is applied to the variations, both in time and space, of the distribution of salinity in the sea. It is assumed (4*40) that the correlation between certain quantities depending on the turbulence at one instant and other quantities depending on the turbulence at a subsequent instant are zero, if these instants are separated by more than a certain minimum interval of time. Formulae are derived for the distribution of salinity at one time in terms of the distribution at an earlier time (4*50), and for the time rate of transport of mass of salt (4-60). It is a consequence of these formulae that the coefficients of eddy diffusion, as usually defined, do not, in general, depend only on the state of turbulence, but depend also on the distribution of salinity. In certain simple cases, however, the coefficients of eddy diffusion do depend only on the turbulence. Such a case is provided by the central region of the Irish Sea, and the theory is applied t© estimate the mean current through this region ( §5*1).
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The theory of diffusion by continuous movements, due to Sir Geoffrey Taylor, is applied to the variations, both in time and space, of the distribution of salinity in the sea. It is assumed (4*40) that the correlation between certain quantities depending on the turbulence at one instant and other quantities depending on the turbulence at a subsequent instant are zero, if these instants are separated by more than a certain minimum interval of time. Formulae are derived for the distribution of salinity at one time in terms of the distribution at an earlier time (4*50), and for the time rate of transport of mass of salt (4-60). It is a consequence of these formulae that the coefficients of eddy diffusion, as usually defined, do not, in general, depend only on the state of turbulence, but depend also on the distribution of salinity. In certain simple cases, however, the coefficients of eddy diffusion do depend only on the turbulence. Such a case is provided by the central region of the Irish Sea, and the theory is applied t© estimate the mean current through this region ( §5*1).
I n t r o d u c t io n
We shall consider the variations of salinity, both in time And space, but the argu ments would apply equally well to the variations of temperature when the direct effects of radiation are not appreciable. The effects of molecular diffusion and of On the mixing of sea water by turbulence 301 molecular conductivity are quite negligible compared with those of eddy diffusion and of eddy conductivity, and we shall make no further mention of them. We shall denote the time by t and Cartesian co-ordinates by x, y, We shall use the symbol [ ] to denote a mean value through a fundamental volume centred on a particular point and a t a particular time. Such a mean value will be a function of the time and of the co-ordinates of the centre of the fundamental volume.
We shall denote the components of mean current by and the components of the total current by so th a t
and we shall call u, v, w the components of turbulent current. For the purposes of this paper, the salinity may be taken as the number of g. of sea salt contained in 1 kg. of sea water. We shall denote the mean salinity by S and the total salinity by so th a t $ + s,
and we shall refer to s as the turbulent salinity.
The time rate of transport of mass of salt across a small area A perpendicular and there are similar formulae for the rates of transport of salt parallel to the other axes.
. E q u a t i o n s o f c o n t i n u i t y
The equation of continuity of volume of water may be written
and on taking mean values through the fundamental volume centred on x, y, z, we deduce th at du dv dw "
From (2*10) and (2*11) we deduce th a t
dv dw_ 02
The equation of continuity of mass of salt may be written { l+ (t7+">^+ <F+''4 +<r+M')3^+s)=°> which expresses the fact th at the salinity associated with a particular particle of water does not change as the particle moves. On taking the mean value of (2*20), as before, we deduce th a t As a special case, suppose th at U is constant and uniform, = = 0, and th at
where S0, and a are constants, so th at the distribution of mean salinity is stationary, and on sections z = constant, the fines of equal salinity are equal parabolas with their axes on y -0. Then the equations (2*22)
Ua = l i {K,a) + 2^( Kvy ),
and if we assume th at Kx is independent of x and K y is finite, we deduce th at
An approximate example of this is afforded by the central region of the Irish Sea, where the mean salinity is practically independent of depth and the fines of equal salinity on a chart are approximately parabolas with their axes along the central fine of the sea (Proudman 1940). For the parabola which has its vertex between Holyhead and Dublin we calculate from the chart th at a = 8 km. We shall return to this example in § 5 (1). The equation shows th at the part of dS/dt due to the turbulence is inde pendent of the part due to the mean current. In the remainder of this paper we shall use axes which are moving, parallel to themselves, with the mean velocity of the water, supposed uniform in the region under consideration. The equation (2*22) then becomes 
Taylor's theory of eddy diffusion
Let £ denote a component of turbulent displacement of a particle of water from time zero to time t, so calculated th a t m = o. Suppose th a t over a certain region the mean state of turbulence is both constant and uniform, so th a t [w2] is independent both of time and position in this region. Let R(t) denote the correlation coefficient between the components, at times t and t + r,of velocity of the same particle of water. Then Taylor (1920) proved th a t the mixing of sea water by turbulence
Suppose that, when r > tx , R(t) = 0, and write We shall apply this theory to the three components £, 97, £ of turbulent displace ment, and suppose th a t definite intervals of time r 2, r 3 exist analogous to
Varying distribution of mean salinity
The mean turbulence may, or may not, be constant and uniform, independently of the distribution of the mean salinity. q(s0, t, x, y, z , £ , ? j , £) ££(4* denote the fraction of water a t time ti n a fundament x, y, z, for which a t time zero the turbulent salinity lay between s0 and s0 + SsQ , and for which the components of turbulent displacement from time zero to time t lie between £ and £ + ££, and iff denotes any function of the turbulence at time t at the point x, y, z, we have
Let
We now denote the mean salinity a t time t and a t the point x, z by S (t, x, y, z) . Of the water which a t time t lies in the immediate neighbourhood of the point x, y, z, the fraction (4-10) was, at time zero, within the cuboid whose corners are -g,y-7j, z -g , x -g -8 g , y - and its turbulent salinity lay between s0 and + mean salinity S(0,xg,y -tj, zg), and therefore S { 0 ,x -g ,y -y ,z -g ) + s0. We then deduce th at
Now, on using (4-12),
CO J -00 J -CO J -00 
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We now suppose th a t an interval of time r 0 exists such that, for t > r 0, Oo] = 0, Oofl = K 7/] = Is oC] = 0, (4-40) so th at there is no correlation between the turbulent salinity a t time zero and either the turbulent displacement or turbulent velocity of the same water a t time t. In the remainder of the paper we shall take r greater than each of r 0, r 1, r 2, r 3. From (4*20) and (4*40) we then have
S (t,x ,y ,z) = [S{0
and this formula gives the distribution of the mean salinity a t time t in terms of the distribution of mean salinity a t time zero and of the mean values of certain functions of the turbulent displacements from time zero to time t. On using (4-40) we have
[us] = [(S + s)u] = [S(0 ,x -£ ,y -r j ,z -£ )
= [S{0, x -£,
Similar expressions may be found for [vs] and [tvs]. I t is interesting to verify th a t the equation (2*40) may be deduced from the equations (4*50) and (4*60). From (4*50) we deduce th at

S(t>x,y,z) = ^£^ + 7j-^ + £^jS(0,x-!-,y
= -[ ( 4 +^+4 ) s(o'* -^-9'z-e>]'
and if to this we add the zero quantity we obtain, on using (4*60),
liS«,x,y,z) + l[u s } +^M + -0,
which is the same as (2*40) and (4-35). From (4*60) we deduce th a t -^j ( h 2C l ] g^j J + -) + -js ( 0 ,x ,y ,2 ) , and similar formulae may be obtained for [vs] and [tvs] .
When the mean turbulence is uniform such functions as The formulae (4-71) may be compared with the first of (2*30); the coefficient of eddy diffusion Kx will only be independent of the distribution of salinity when (4*71) reduces to the term involving X x. Similarly, Ky and Kz will only be independent of the distribution of salinity when the formulae corresponding to (4*71) reduce to the terms involving Yy and Zz respectively. Special cases in which the of eddy diffusion depend only on the turbulence include those in which:
(1) the mean turbulence is uniform and such th a t all the functions Y, Z are, zero except X x, Yy, Zz, (2) the mean turbulence is uniform and symmetrical about the axes, and the mean salinity is a quadratic function of x, When the mean current is parallel to Ox and has a speed U and the distribution of mean salinity is stationary, we see from the end of § 2 th a t S(t, x, y, z) = S {0 , x + TJt, y ing of sea water by turbulence 307
E xamples
We now examine three cases in which the distribution of mean salinity a t zero time is specially simple. where S0, Sx and a are constants, so that, at zero time and on sections z = constant, the lines of equal salinity are equal parabolas with all their axes on 0. Then we deduce th a t S (t,x ,y ,z) = S0 + S (5-11)
(5-12)
When the mean turbulence is uniform we havẽ
which are independent of time. From (5-12) and (5-13) we may deduce formulae for K x, K y, K z. When the mean turbulence is symmetrical about the directions of the axes, the formulae (5-12) reduce to
and in this case (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) which depend only on the turbulence. When the mean turbulence is constant, we see from the end of § 3 that, a t any point, S (t,x ,y ,z) is a linear function of the time; and when the turbulence is also uniform and symmetrical we see from (3-4) and (5*15) th a t K x = [u*\Tx, which are both constant and uniform. When the mean current is parallel to Ox and has a speed U, and when the dis tribution of mean salinity is stationary, we have, from (4-80) and (5-11),
for all values of t, x, y. I t follows th a t (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) This is one of the cases in which the coefficients of eddy diffusion are the same when calculated from the distribution of temperature as when calculated from the dis tribution of salinity, and we now apply the theory to the central part of the Irish Sea ( § 2). From a study of the seasonal interchanges of heat, Bowden (1948) evaluated K y a t points on either side of mid-channel. From these values we estimate th at for mid-channel K y = 106cm.2/sec., so that, from (5*15) and (5*16)
From the distribution of mean salinity we have a = 8 km., so that, either from § 2 or from (5-19), we have TT 2 x 106 cm.2/see. ,
This estimate of U is of value, because there have been very few estimates of the mean current through the Irish Sea and they have been very uncertain. The quantity [v2] has not yet been measured, but if we assume th at [v2]* = 10 cm./sec. we deduce th a t^2 (5-24) so that
We notice th a t K x and K y depend on position as well as on the turbulence. When the mean turbulence is also constant, we notice th a t a t any point is the reciprocal of a linear function of the time.
If the mean current is parallel to Ox and has a speed U and if the distribution of mean salinity is stationary, we have, from (4-80) and (5*21), We notice th a t K x, K y, K z depend on the constants which specify the distribution of the mean salinity a t zero time as well as on the turbulence. When the mean current is parallel to Ox and has a speed U and when the dis tribution of mean salinity is stationary, we have, from (4*80) and (5*31) 
